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(57) Abstract: A long-wavelength light-emitting device in which an active multilayer constituted 
of a quantum-well layer and a barrier layer is provided between an n-type nitride semiconductor 
layer and a p-type nitride semiconductor layer, the quantum-well layer is made of In„Gal. x N 
(where 0<x<l ), and the emission peak wavelength lies in a range of 450-540 nm is characterized 
in that the number of layers of the active multilayer ranges from 9 to 13, and three or less of the 
first layer from the n-type nitride semiconductor layer and in contact with it to the third layer 
contain n-type impurity selected from the group consisting of Si, Ge, and Sn at a concentration 
of 5xl0 ,s -2xl0 ls /cm 3 , thereby decreasing the drive voltage of the light-emitting device having a 
quantum-well structure, and improving the luminous output. 
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hD-AOJgU?-e^$^:5 o $ ^CT^ K-7"(DG a N J: 
Sr2 00t^hP-Ai7yK-^©I n 0 3 Ga 0 7 N«fc!?ft;5#FJifc 

f - • • •+mm<Dm-v^^ mmnimofrs i k-^k-:/£*u a 

5©9JB»4T^K-^?>35e5P«SBS:i if, *#J<£lJf<D^S i K-^as K 
7£j&ft£-tt;5 0 

Vf 3. 6V % 5g3tffiyj6. OmWiS#P>tLSo 
TMG, 7^=7% '>7^^V^S i^SXlO'VcmH-yU 

g a Net t> ft zmmm& 20 o*>y* hv—j*<Dmmx&&£^ m^xim 

£8 0 OtlltT, £ f)HTMG, TM I. T> ; t=T^^7>K-7 p © I n 
o. 3 Ga 0 . 7 NJ:t>^5#FSSr3 0^^ hD-A(Dj^j?T*^S$-ti:5 0 $ 

Z<DLEr>m*lZ\mJjfamfr2 OmAIIfe^T, 4 7 0 n m<E>#fe383te&^U 
Vf 3. 4V, *#fcitfj5. 6mW*S#e>Jx5 0 

cuifeMi o] 
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(i207yK--/GaN§5) 

&^7>#*<£>^£:lt&x 1 0 5 0°CX*WiWi^XW,2<DTl/Y—-7G aN 
15^1 5 0 OXlsf* hn— ^<7)JKfft?^§-&5o 
(nM^JDHM6) 

^8 0 0t(:U, TMG, TM I „ 7V*=7S:fflV\ T>-K- 
^1 n 0 . 03 Ga 0 . 97 N±V)t£Zm2<Dmm¥MfcmZ2 0*^JfX hn-A 
fi5c^£ii> 8E^-Ci&££r±#£ii\ ^ <D±H7^ K-^G a N i 0 1 Oi 

U § 2 +11 (Z)lit^S(1 1 Oi^oif Ml:GaNJ:5 45i2©g 

^mmm6^6 4 o*isyxh*—j*<Dffi&x*!&&z j &z>o 

Z.<DLEDm^n\m^m^2 0mA{:*5^t, 4 7 0 nm©ffei^^U 
Vf 3. 6V. 6. 5mW^#?,tl5, 

[»Jl 1] 

Hife0i| 1 fc*5Wt\ ^2©7yK-7GaN|5, nM#JDHJl 6 fc^B&Lfc 
f&tePtfil' L-C L E DSfl^ Srf^li-So 

rOLEDSH^tiHS^lRlSff 2 0mA|:fcV^, 4 7 OnmOffeH^U 
Vf 3. 8V y !S3fctttf3 6. 2mWi5#e>H5 0 

[gam 2] 

(pl7^ K-^A 1 GaNjf) 
pl^ilM, 7yK-7-<DAl 0 . 05 Ga, 95 NM2 0 0 0^^ 

CiDLEDifli^jli:^ K^|^mjE2 0mA^*5V^ 4 7 0n 
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mOWfc&ft&^U Vf 3. 4 V, «5tW^6. 5 mWiS^btlSo 
3] 

5 (m&m7) 

TMG, T^~T&^T^ K-T'OG a N«t 9 ^51^11^2 0 0^>-^ 
^ hn— A©JKJ?"C^g$^ ^V^ia^S: 8 OCCULT, $f,l:TMG, T 
MI, 7^^7, v^>#;*&ffl^S i & 5X1 0 17 /cm 3 K^LfcI n 
o. 35 Ga 0 65 Nck 9&5#FJf &3 O^;/* h p— J*<DmmX*J&M£-&Z> 0 

-T7V)I n 0 35 Ga 0 . 6S N«t«?*S#FSSr3 0^->^ h D-A<7)JBU|[-Cfife 

s^-^r^o ^Lxmrn+ttF+^m+RTi • • • • +»iomtfifcgst, 

7> K-^^^5#Fi 5im CSi Lt, it 1 IS. 13 5 0 

15 hD-Ao^Sfi^#F«J§«kD*SiSH4e7Sr^S$*5 0 

r^LED^{iJlI^rRimJ±2 OmAtCjoV^ 5 OOnmrofMM* 
U Vf 3. 8V, *3fcW^5. 2aWi5#?)tl5, 
[»J14] 

i vr, st£Ji 7 stot© «t 5 ^ \sitmmmz. ule d^st 

20 f£ML7i 0 

(Stt§7) 

TMG, TV^T&JB^T^ K-y©G a N«t t> ^5^11^2 0 O^^' 

MI, T^-7\ isylsjJa&m^S i £5 X 1 0 17 /cm 3 K-^LTt I n 
25 o. 4oGa 0 . eoNi 9&3#F/i£f3 0^"^^ hn— A^j?T*^g^-fr5 0 

—-7<D I n 0 . 40 G a 0 . 60 N«t 9 fc3#FS«r 3 0 Jr^fx b n-A<£>JHJ?T*fi5c 

i^-t^ ^LTi^ii+#F+^ii+^F- • • - +mm<Dmx-f$.&z^ T> 
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'r<DLED^mJI£frlRjSE2 OmAl£*3VvC\ 5 3 0nm(DfM3i£^ 
U V f 3. 5 V, «3fettJ^3. 6mW^#bttS 0 
[»J1 5] 

^WJ 1 fclfc^T, nl^2 ^Jglggjl 6 LfciajWiPESfc: ULEDi 

[»16] 

^5/7rS2(DaiJ?^l 5 0^"^^^ hn«-A % m\<nr 
^ K-^G a N® 3 1 . 5^mi: LfcfS^P^i- LT L EDif^ 

mmmi 7] 

^£#11 3tl*3V^-C. ^5/7tS2 0JR^St1 5 0ty^ fo-^ 3? 1 tf> 
7 ^ K-^G a Nil 3 <DjH]?^ 1 . 5/imi Lfci^tel^K LT L E D§^& 

fEK-t-s <h x mam 1 3 <t p«©s6*^#6H5o 

8] 

1 K*3l vt\ fe&m 7 fcgTF© i 9 K I^JiP^ll ULEDif 
(SH4JP7) 

TM 1 x T^^r, v-^tf^fcfflV^S i^5X10 17 /cm 3 k— -f\^tz.\ 
n 0 . 3 Ga 0 . 7 NJ:9 3&5#F*Sr3 03i-^^bn-AOW¥-C*fi$*S. 
S f>|:7y K-^OG a N i D 45»tiSr 2 0 0 ^ bP-A£, S i & 
1 X 1 O'Vcm 3 K-^tfcIn 0 . 3 Ga 0 . 7 N «fc <9 ft5#FJf £ 3 0 
* h D-A©BiJ?^e$*5. $ b^fcT^ a N «fc «9 &S»SJg 

^20 Oirl/lf* hn-At, S i £5 X 1 0 16 /cm 3 K— 7 Lit I n 0 . 3 G 
a 0 . 7 Ni?)>5:5^SS:3 03i-^^ho-^(OJBU?-C^S$-er5o *:UCPI 
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1 5JiS:2fi!S^S(eLT, ^3 If, W3 6 5 0t>^hn 

'>fcv^igi Lfci r 5H»>I 1 ir^^^t^So 

#38 W te#FJI i PtM® i <^£ft^#F^ b ft 5 i3H4Jg OnlilllCn S^FM 
felirLTS i SrK-^U H-T^Jf r. iT\ ni^b© 

pTfgi&30>TN *3fe^-f^--K (LED) , lx- if^^--K (LD) m<n>%£ 

^t7-^>r^^O®^^W^^ffl$tt5^^^ft:5(l^i 
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it * <o m m 



i . n mmtm^mftm t P mmtw^mftm t tom^ fi*#Fs t mmm t 

j = i / 6 + 2 ({§. L i ^ 4 N j li/Jv&^T&EJ 9 W tzMm 

fi^Fsa* n w?mm*:t;*L ti^m xh z m&m i iEg^&fc&^fl^, 

25 7. ±|BflH4SOS J ? : #FS* s InxGal-xN({ab, 0< x < 1 ) J&> b & 9, 383teX 

ttgfttf-^&^tfU 7 0~5 3 Onm, #£L<te4 9 0-5 1 OnmdfcSfi* 
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1 1. ±^^m\^^ti^nm^m^(Dm^nmm{m^mi^m^-r^m\ 

1 2 . ±iaettS^I^^*l,5 n^*fife*^tpJgOnM^*fife»*^ 5 X 1 

o 1 6 ~ 2 x i o 1 8 /w-efc3if! i tafto^k^^^^o 

1 3. ±mm&m<nmmm^^titiznm^mvo<Dmmft5x 1 o i6 ~2x 

1 0 18 /cm 3 T*fc5 l 2|E«0^b^^^^o 
10 14. ±!2SttJl<7>fi;T-#FJi^l^3=;ft£ nl^^H^ 5 X 1 0 1 6 ~ 

2X10 1 Vcm 3 -C£>£ l 2 fEftOgfcfe^NMtelS^. 

1 5. iSaSttSOPtSe^^StLSn^^roft^SSX 1 0 16 ~2X 
1 0 1 Vcm 3 T*foS-^ ft^#FJgf {^*tLSn^«feoai^5 X 1 0 
16 ~2X 1 0 18 /cm 3 T\ ±ISettS05»S®Ef^*ixSn^#fi4j5O»S«t- 
15 «9 4>ft^gf#JS 9 B5«^O^t:^¥^^o 

1 6. ±mfe&m<v^mm^\^%ftznm^m®<Dmm&5 x 1 o i6 ~2 x 

1 0 18 /cm 3 -CfcS-^ i^F^Itl^^tlS nl^OiS^ 5 X 1 0 
20 17. ±H2^^4 1 ^±f2nM^btl¥^®{^^5^^nM^M^^t P |^ 
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±fa^t4P^fi^F®^inxGal-xN({B U 0< x < 1 tK ^<D%% 

4 5 0~5 4 0nm[lfe5M^t*$)oT s 

^-rSfi!l/5^mx.T3®^TO^{CS i , Ge, Sni^^S^fellfnSn 

5 X 1 0 1 6 ~ 2 X 1 0 1 Vcm 3 ^^tLS CI £ 3^#Jf^ 0 
2 0. ±l2St414 3 ^±l2nM^b#)¥^®(^i--5{|iJ©nM^#J^t P i^ 
US Xttfi^FSdS-LfB p liftft^ftl \z&ctZ>m<D n ^F*fi4&*# * * 

2 2. ±fS n S**6«to*SiT?fc<5IftjfcJl 1 9 f@&<D¥mft£¥ 0 
2 3. ±ISSt4S<75S^-#FS^InxGal-xN«0.b, 0 < x < 1 ) 5 , ^£<£> 

JS3tef-*&£#4 9 0-5 1 Onm^^fcSfS^l 9 ISij£(D^W»ft|f 

2 4. ±ISSttlOHESiS^inyGal-yN(<aL. 0 ^ y < 1 T\ y<x)fl>&ft5 
W*J®2 3|E^^^c 

2 5 . ±f2St4Jl/^nxGal-xN({B U 0 < x < 1 )/InyGal-yN({0 U 0gy< 

2 6 . ±!E#EJ&&SnS^#fi#J% > K— :/L&V^nzGal-zN({B.U 0 < z < 1 )/ 
GaN^PXfiAlwGal-wN/GaNaS.L, 0<w< 1 )StS^P>*5^y 7 r&fe^Jg 
£ LT^£ftT^5fjf*JS2 5|5^W^^o 

2 7. ±IB^5/7T^^WGaNji(Z))?:W7 0 A^TT\ ±IBSH4SOl*IIS 

0 AJ^±T-fcSff^2 6B2^^^o 
2 8. ±fE^JgI&#nS**8&«:^*, ±IE«feJltf>J;-?#FJl«fc »9^K=¥-r 
y '^^•^r'/^^r—i^^ V ^InzGal-zN({H L N 0 < z < 1 T\ z < y ) JlXttAlwGal- 
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wNcmu o<w< DrnkGasmkoffiSfrbtez* 1 ?? vrnt t«^tix 

1 > 5 if ^ 1 9 mm<om%m^ 0 

2 9. ±IE^SRt^nM^7y KS^l^*tLSn^*E^sSiT-*>?) % ±IE 
?SttJiOOT^t^*n5Si«|^5 X 1 0 16 ~2 X 1 0 18 /cni 3 t*fcoT, n 

5 I^7-> Kg<Z>M*fc^£*l5Si»&3S 5 X 1 0 1 7 /cm 3 J£i±T\ ±1E?3H4JI 
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